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METALLURGICAL COKE MANUFACTURING METHOD
BY BLENDING RAW BRIQUETTE

Hiroshi Joh and Shiro Ida

‘Technical Research Institute of Yawata Iron and Steel Works,
: Yawata Iron and Steel Co., Ltd., Yawata Japan :

1. Introduction :
For making metallurgical coke high caking coal is generally
blended with coal charge at high ratio. i
an investigation; 1) have hitherto been made with an inten-
tion of saving high caking coal without degrading the quality of coke
produced. : :
The methods attempted in Japan are as follows:-

(1) Coke breeze blending method. 2)

A small quantity of coke breeze, pulverized under about 0.012" is
blended with the coal charge. _

(2) Coalite blending method. 3% :
Coalite pulverized under some 0.012" 1s blended with the coal
chargs. , . ' o .

(3) Bojun Tan method. &) o . :

Low grade coal with high volatile matter is swelled with oil in

low temperature. : ’

(1) and (2) were applied to practical operation for some period,
but at present they have been stopped using for economical reasons.

There is no prospect of (3) being used in practical operation,

-notwithstanding it was an excellent investigation. Formerly, we in-

tended to manufacture for many years metallurgical coke directly from
low or non-caking coal with high volatile matter, using these coals as
main raw material. . : »
: At the first stage 1t was clarified that coking property of these
low grade coals was much improved by briquetting under comparatively
low pressure (2845-35551by4n2). Based on this fact, we could produce
good metallurgical briquette coke (size: 1.65" x l.éS" x 1.18",
strength: stability factor = 40-45 %, hardness factor = 72-74 %) by
carbonizing raw briquette at high temperature, when tiie raw briquette
was made from the mixture of low caking coal and non-caking coal
reasonably blended as main raw material. The result was already
published. 5). In this method the most important point is to keep the
quantity of caking constituents of raw briquette within constant
1imits. It is impossible however to use the ordinary horizontal
chamber oven, due to briquette coke (pillowshaped) of the product.

with the object of solving this problem we planned to carbonize
the mixture of raw briquette and the coal charge in horizontal chamber
oven, by blending raw briquette with the coal charge in coke plant.
It is desirable in this case that the coal charge and raw briquette
should melt each other during carbonization and good lump coke bg
produced as the result. 7

We should like to call this method "Metallurgical coke manufac-
turing method by blending raw briquette." :

. The present investigation is in the process of study, and not yet

‘in the stage of discussing its economical value.

Next, mention is going to be made of the main paints of this
method, as it seems to contain some technically interesting problems.

2. Characteristics of raw coal:
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Table 1 shows thae charscteristics of the representative coals
selected out of coals, that are used in a coke plant of Yawata Iron &
Stael Works. 'Pitch in Table 1 is produced in the same plant, and used

as binder in making raw briquette.
v Table l: Characterigticts of Raw Coals

: , . ' . {Index of
: Items | Proximate Quantity of
Raw ‘Analysis Fuel | S |Button|{Caking Con-
Materials A V.nl F.C Ratio| (%) | No. |[stituents*6)
‘ : o b o (€.1.) ($)
American Coal with . 5
medium V.M.~ 5.02] 23.11| 71.87 3.11|0.68| 8.0 90.5
American Coal with : -
low V.M. 6.70 16.56| 76.74| W.64{0.70| 6.0 83.6
Kyushu Coal A : :
(low caking coal) | 6.89 40.56|52.55 1.30{0.61} 3.5 80.1
Kyushu Coal B - :
(low caking coal) | 5.6 42,44 51.92| 1.22{0.69] 5.0 88.9

In thig case, moisture contents of base coal and briquette are
severally 8 %, 4 %, and the size of the base coal 13 <1/4" as in an
ordinary case. As seen in Table 2, the proper size of raw coals for
briquette 1g <1,/8". :

Table 2: Characteristics of Base Coal and Raw Briquette

Items Screen Andyds of RawMatarials - | Proximate Analysie

Ba : A * | Buttont| Gakin
Cn3¢R Blending Ratla " S (%) (%} (’S‘, Ko Iudexg

- .o G AT T~ |a0353 Jo.023% .
Briquelts (%) > G T T ooss| 0023] esiz|<012 A |V.M| F.C.

American Coal ’ 1
with medium V.M. 40
Kyushu Coal A 50| T-5 |13-8 10-0{15.0|23-5|30-2| 6-83 |33-47)59-70|0-64 5-0 | §8.7
Kyushw Coal B 10
American(oal ! .
. | with nedium V.M. 60 ‘
Base Coal No.2 Kyushu Coal A 30| 5-0 |12-5| &516-0|2(-0|39-0| 668 |30-32]63.00|0-65| 6.0 |84.0
KyushuCoal B. )0 '
Kyushu CoalA. 72
Kyushu Ccal8. 10

Base Coal Mo.l

* |Raw Briquette | AmericanCoal 0-3] 99| 90|10-6|18-6|51.6] 872 |38-22]5506| 0-61| 3.5 | 894
with lLow V. M. lg .
Pitch

The mixture of high caking coal and low caldng coal, prepared so
" as to contain 40-60 % high caking coal in it is adopted as base coal,
with which is blended raw briquette, and the final mixture is the coal
charge, Table 2 shows blending ratlos and characteristics of two ’
kinds of base coal and raw briquette. And the size of raw briquette
1s;4/5" (length) x /5" (breadth).x 13/25" (heightﬁthis has been made

specially smaller so that raw briquette may mix well with base coal.

* After 9g of dried coke breeze (48-65 mesh) 1s.mixed with lg. of
dried coal (<65 mesh), the mixture is carbonized at 1742477.0p,. for
minates. Coke produced 13 sorted out by screens of 35 mesh and
mesh. Supposing Ag is the quantity of coke over 35 mesh and Bg
the quantity of coks assed 35 mesh but not through mesh ‘screen,

the caking index (C.1.) can bs cbtained by the following formilas

c.I. =—A§TB—1 100 (%)

S e mn
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" -The brigquette was manufactured in a pilot plant with capacity of
5 tsday. ' '

3. Size of raw coals for briguette:

Blending ratios of brigquette with the base coal (No.l seen in
Table 2) are as shown in Table 3. There are three different sizes of
raw coals for briquette: <1l/4n, <1/8"; and <1/16", excepting that
size of pitch is always kept <1l/4%,

After briquette was blended at the rate of 30 % with the base,
coke was manufactured in 500 1lb. testing coke oven, and then crushing
strength and tumbler strength of coke were examined. As_shown in
table 3, the proper size of raw coals for briquette is <1/8".

Table 3: Relation between Size of Raw Coal for Briquette
and Strength of Coke, Blended Raw Briquette

Blending Ratlo of Base.
Coal ang Raw Briquette | Size of Raw Strength of Coke (%)
% Coal for Bri-| Crushing |[Tumbler Strength
— quette Streng th** Stability Hardness
Base Coal{Raw Briquette ) Factor Factor
70 30 . <1/4n 91.8 53.0 67.8
70 30 <1/8 92.6 - 52.6 70.3
70 30 <1/16" ‘ 92.7. 53.1 704

L. Bulk density of the mixture of base coal and briquette:

Investigating the bulk density on the mixture of base coal and
briquette, it was clarified as shown in Chart 1 that the bulk density
was developed with the increase of blending ratio of briquette with
the base coal, and reached max. value, and then got down.

( Chart 1 )

It is expected from the above-mentioned result that the quantity
. of coal charge per chamber increases by blending briquette with coal
charge in practical coke oven. ’

5. Coke manufacture by a 500 1lb. testing coke oven:

Coke manufacture was carried out in a 500 1b. testing coke oven,
blending briquette with No.l and No.2 base coal in various ratios
“under conditions that one charge is 660 1b., flue temp. of coke oven
'2102-2156°F, and carbonization time 17 hrs. v

The crushing strength of coke produced is promoted a little,
compared with the use of base coal only as shown in Table % in case of
blending briquette. S

Besides, hardness factor increases and reactivity 7) becomes
smaller. :

From these facts, it is clear that the quality of coke 1s improv-
ed by blending briquette. Moreover, it is favourable that the size of
coke has become smaller by this blending.

** JIs K. 2151-1957 . :
drum ($59" x length 59") rotates in 15 r.p.m. for 2 min., putting
22 1b. of lump coke (>2") in it. Coke is sieved using various
screens. BEspecially 19/32" index 1s important and the crushing
strength 1s generally indicated by this index.
Generally speaking, the range of crushing strength for metallur-
gical coke is 91-93 %.
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As a natural result the blending ratio of high caking coal in the
total coal charge-has decreased, in proportion to the augmentation of
briquette blended.' For.example, the using rate of high caking coal
has been 30 % as shown in the No.(k4) in which briquette was blended at
a rate of 30 %. ‘

. It is recognized from the results that high caking coal is able
to be saved to some extent. HMoreover, the prototype of briquette was
not observed in lump coke on the occasion of blending briquette under
30 %, due to the perfect melting of briquette and base coal diring
carbonization. ‘ - -

6. Swelling pressure test: - : :

Swelling pressure test was examined for the purpose of comparing
the result on the two kinds of samples i.e. mixture, blended briquette
with base coal at the rate of 30 % and coal charge (blending ratio:
high caking coal 50 %, Kyushu coal 50 %, Yawata Iron & Steel Works in
August, 1958). .

Swelling pressure was measured in Kopper's movable coke oven 8)
under conditions that flue temp. is 21920F, carbonization time 16 hrs.,

.and one charge 660.1b. Swelling pressure of mixture, blended bri-

quette was a little smaller than in the case of ordimary coal charge,
as seen in Chart 2. . .

. ( Chart 2 )

7. Other tests:

Firstly, quality segregation of -coke in a chamber of coke oven
was studied on the mixture (blending ratio: base coal 70 #, briquette
30 4), in the case of coke making by blending briquette with base coal.
It was explained as the result that there was no particular fear of
quality segrigation of coke, by mixing base -coal and briquette. o

Secondly, we tested the by-product on the mixture, in comparison
with the case of the base coal only and it was ascertained that yield
of tar, light oil in gas and gas has been improved slightly in the
case of blending briquette, excepting that the yileld of-ammonium sulf-
ate decreases. ' . . .

8. Summary: :

Several experiments were carried out to establish the manufactur-
ing process of metallurgical coke, in which while the blending ratio
of - the high caking coal with the %otal charg= 1is smaller than in ordi-
nary case, the quality of coke obtained should be not inferior to the
ordinary blast furnace coke. For this purpose, the raw briguettes
made- from low caking coal as main raw coal were blended with the base
coal which was almost the same in blending ratio of high caking coal
as the coal charge in ordinary coke plant. : -

The following results were obtained.

(1) It was ascertained that the proper size of raw coals for briguet-
te to be blended with the base coal was under 1,/8". THe blending
ratios of the base coal and the briquette are as follows:

Base coal (high caking 40 %

Medium volatile American coal Lo 4

Kyushu coal A 4 50 %

u B 10 %
Briquette (high caking coal 10 %)

Kyushu coal A 72 %

oo B 10 3

Low volatile American coal 10 3

Pitch (as binder) 8 4
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(2) The bulk density of coal charge (base coal +'briquette) increased
: by blending the brlquette with the base coal.

(3) The qualities of coke produced in 500 1lb. test coke oven by car- -

bonizing the mixture, blended briquettes at the rate of 5-50 4
with the base coal, were generally improved by blending briquette
in other words the crushing strength and hardness factor were
increased and, moreover, the mean size and reactivity decreased.
Thus, it is possible for us to foresee that the saving of high
caking coal can be carrled out by blending briquette with the
base coal.

(%) In the case of blendlnv briquette with the base coal it was con-
sidered that the upper limit of the blending ratio of the bri-
quette was about 30 %, from- the observation of lump coke quality
and the security of pushing of coke from a chamber 1n coke oven

(5) It was attested by the experiment by 500 lb. Kopper's movable
wall oven that, when the briquette was blended with the base coal
at the rate of 30 %4, the expansion pressure durinr carbonization
were in the limits of safety.

(6) The segregation of coke quality has no trouble in the blending of
briquette under above mentioned limits and the yield of by-pro-
duc% is rather favourable by blendlng brlquette with the base
coa
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